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ABSTRACT 
The length of the dry season due to climate anomalies, which can cause drought. The 
drought can have an impact on agriculture, including rice production.The purposes of this 
research are to 1) determine the effect of the drought on rice production in Grobogan 
district; 2) provide the direction of rice growing period based on Thorthwaite Mather 
drought index in Grobogan district. 
Research steps are as follows: 1) To know the influence of drought towards the rice 
production, using the comparison between an average of rice production for five years 
divided by rice field area. 2) Determination of rice growing period using the runoff analysis 
based on Thorthwaite Mather calculation. 
The results of this research showed that: 1) Drought gave negative influence on rice 
production, it could be seen on the average of rice production. Sub-district which included 
in a high level of drought showed an average of rice productivity to 5.314 ton/ha, sub-
district which included in a medium-level drought had an average of rice productivity to 
5.701 ton/ha,  and sub-district which included in a low-level drought had an average of rice 
productivity 5.902 ton/ha.; 2) Rice growing period obtained from the calculation of runoff is 
started from December to April. 
Keywords: drought, productivity, growing period 
1 INTRODUCTION 
Global climate change, which increased the temperature of the earth causes many impacts. 
One of which is climate anomaly. Climate anomaly provides various impacts, one example 
is the shifting of the season 's change. One due to the shifting of the changing seasons can 
lead the rainy season came too late, so that can make the drought. In general, drought is the 
low availability of water that can be used for human needs. The conceptual definition of 
drought illustrates the broader phenomenon (Kallis Giorgos 2008). Drought also give effect 
to the social dimension (Mishra et al. 2010) Drought also has impact on the declining 
supply of ground water, disruption of cropping patterns (including the number of plants that 
experienced crop failure), increase pest plants, even until the occurrence of forest fires and 
agricultural land (Woro Estiningtyas 2012). The drought that often occurs in Indonesia 
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during the dry season also causes detrimental impact, particularly to agricultural activities 
(Sari Kania Dewi 2009). From 5.14 million hectares rice fields were evaluated in Indonesia 
as many as 74 thousand ha of which are very vulnerable, and about one million ha are 
vulnerable to drought. This indicates the level of susceptibility of agricultural land to 
drought quite diverse between regions (Wahyunto 2005).   
One of the counties that experienced a severe drought is Grobogan, Central Java province. 
Based on data from Grobogan Regional Development Planning Agency (Regional Disaster 
Management agencies Grobogan 2014) in 2014, only two districts that do not suffer from 
drought, Klambusub-district, and Godong sub-district. Based on TPH (Collection of Sites 
Results 2014) reports from the Department of Agriculture, obtained data on the state land 
area of late 2010 in Grobogan entirely covering 197.586 hectares or 1975.86 km2. 
Agricultural land in Grobogan occupies the second largest area of land use after state forest 
with an area of 647,902 hectares or 647 km2. 
The aim of the research is to determine the effect of the drought on rice production in 
Grobogan district and provide the direction of rice growing period based on Thorthwaite 
Matherdrought index. Farmer is expected to minimize losses from climate change is causing 
shifting planting schedule. 
2 RESULTS AND DISCUSSION 
2.1 Rice Production 
2.1.1 Rice Field Area In Grobogan District 
Rice fields area data in Grobogan are obtained from Landsat imagery base map 2010-
2014.Then, using land use satellite imagery analysis which er mapper 7.1 and arc view 3.3 
software. Next, calculated the area using ArcView 3.3 software through extensions 
'calculate', with the following formula: 
Area (Ha) = [Shape].Return Area /10000 ............................................  (1) 
The results are as follows: 
Table 1. Area of Sub-district Rice Field in Grobogan 
No Sub-district 
Year Total 
(ha) 
Average 
2010 2011 2012 2013 2014 
1 Kedungjati 519 626 716 1013 812 3,686 737.2 
2 Karangrayung 3,101 3,012 3,026 2716 3,128 14,983 2,996.6 
3 Penawangan 8,370 8,268 8,003 8825 8,339 41,805 8,361 
4 Toroh 6,467 6,494 6,577 6472 6,791 32,801 6,560.2 
5 Geyer 3,203 3,167 2,540 3557 3,240 15,707 3,141.4 
6 Pulokulon 6,665 6,565 6,029 5096 7,092 31,447 6,289.4 
7 Kradenan 5,995 5,847 6,214 7286 6,263 31,605 6,321 
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8 Gabus 5,124 8,040 6,731 5347 7,470 32,712 6,542.4 
9 Ngaringan 7,084 9,672 8,452 8696 8,788 42,692 8,538.4 
10 Wirosari 8,652 7,882 8,352 7834 7,590 40,310 8,062 
11 Tawangharjo 4,642 4,681 5,187 5134 5,297 24,941 4,988.2 
12 Grobogan 4,884 5,180 5,658 5598 4,646 25,966 5,193.2 
13 Purwodadi 7,497 7,197 6,864 8796 8,028 38,382 7,676.4 
14 Brati 4,582 4,287 4,682 4,856 4,416 22,823 4,564.6 
15 Klambu 4,440 4,374 4,454 4,632 4,430 22,330 4,466 
16 Godong 12,691 12,622 12,620 12,596 12,503 63,032 12,606 
17 Gubug 6,970 6,724 7,144 7,202 7,001 35,041 7,008.2 
18 Tegowanu 4,810 5,822 4,513 5,502 5,960 26,607 5,321.4 
19 Tanggungharjo 1,577 1,333 1,559 1,435 1,620 7,524 1,504.8 
    Total 554,394 110,879 
Source: The results of calculation and analysis, 2016. 
From table 1 are known the average land use of rice field in Grobogan, 2010-2014 
amounted to 110,879 ha, it shows the rice field area is changing 
2.1.2 Average Rice Production in 2010-2014 
The average of rice production in 2010-2014 was obtained from Department of Agriculture 
Grobogan. The average production in 2010-2014 is calculated with the formula below:  
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑟𝑖𝑐𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =  
𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑟𝑖𝑐𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 
5
         ....................  (2) 
The calculation of the results of the average rice production in the Godong sub-district is the 
largest with the results of 77,399 tons while the average rice production is lowest in 
Kedungjati sub-district with the results of 4,077 tons. 
2.1.3 Drought Level Grouping Each sub-district 
The drought level grouping using the results of Thorthwaite Mather drought index. The 
steps are as follows (Calvo 1986): 
2.1.3.1  Calculation the air temperature during 10 years using Mock formula 
∆𝑡 =  0.006 (z1 −  z2)
𝑂𝐶   .......................................................................   (3) 
Information: 
∆𝑡 = temperature difference 
Z1 = Elevation measurement stations (m) 
Z2 = Elevation analysis station (m) 
2.1.3.2  Potential Evapotranspiration 
i  = (T/5)1,514 .........................................................................................   (4) 
𝐼  = ∑ i 
α  = (0,675.10-6.I3)–(0,77.10-4.I2)+0,01792. I + 0,49239 .............................  (5) 
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Pex = 16 (10T/I)α .........................................................................................  (6) 
Information 
Pex = potential evaporation has not been corrected 
T  = month temperature (oC) 
I   = i total during one year 
α  = heat index 
2.1.3.3  Water holding capacity 
To determine the value of water holding capacity, the steps are as follows: 
a. Overlay land use maps, maps of slope and soil type maps 
b. Taking soil samples 
c. Note the rooting depth of sample 
d. Calculation the value of field capacity and permanent wilting point in the lab 
e. Calculation the value of water holding capacity by the formula below: 
WHC = field capacity-wilting point) x depth of rooting ..............................  (7) 
2.1.3.4  Calculation precipitation with correction evapotranspiration (P-PE) 
2.1.3.5  Calculation APWL (Accumulation Potential Water Loss) 
APWL wet month = 0      
APWL dry month = P-PEn-1- P-PEn ........................................... (8) 
ST = WHC – e-[APWL/WHC]     .............................................................. (9) 
Information : 
ST  = soil moisture (mm) 
WHC  = water holding capacity (mm) 
e   = number Navier (e = 2.718) 
2.1.3.6  Calculation Thorthwaite Mather Index 
a. For the wet months (P> PE) then the value of AE = PE 
b. For the dry months (P <PE), then AE = P-ΔST 
S = (P-PE) - ∆𝑆𝑇 ............................................................................. (10) 
D = PE – AE ............................................................................. (11) 
Iα = (D/PE) x 100  ............................................................................  (12) 
Information : 
∆ST  = the change of soil moisture 
S  = surplus (mm/month) 
P  = rainfall (mm/month) 
D =deficit (mm/month) 
AE = actual evapotranspiration(mm/month) 
PE =potential evapotranspiration (mm/month) 
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Iα = drought persentage (%) 
Then categorize drought index value in accordance with the classification of Thornthwaite, 
Mather. 
Table 2. Classification Thornthwaite Mather Drought Index 
Drought Index (%) Level of Drought 
< 16.77 
16.77-33.33 
>33.33 
Low 
Medium 
High 
Source: ILACO 1985 in Ahmad et al. 2014 
Calculation the dominant of drought every month. The results are as follows: 
Table 3. Sub-district level Based On Drought Drought Index Thornthwaite Mather 
Drought Level Sub-district 
High Toroh, Geyer, dan Ngaringan 
Medium Pulokulon, Kradenan, Gabus, Tawangharjo, dan Grobogan 
Low Kedungjati, Karangrayung, Penawangan, Purwodadi, Brati, Klambu, Godong, 
Gubug, Tegowanu, dan Tanggungharjo 
Source: The results of calculation and analysis, 2016. 
2.1.4 Calculation of Rice Production 
Calculation of rice production is calculated using the following formula:   
 Rice Production = yield/rice field  area ................................................. (13) 
Furthermore, the calculated average rice production based on the level of drought  
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑜𝑓 𝑟𝑖𝑐𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 =  
𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑟𝑖𝑐𝑒 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 
5
 ................. (14) 
The results are as follows: 
Table 4. Rice Production Value 
Drought Level Productivity (ton/ha) 
High 5.314 
Medium 5.701 
Low 5.902 
Source: The results of calculation, 2016. 
From Table 4, it is known the sub-district that included a high level of drought has an 
average production of rice worth 5.314 tons/ha districts with drought was worth 5.701 
tons/ha and districts with low drought worth 5.902 tons/ha 
2.2 Rice Growing Period Based On Thorthwaite Mather Drought Index 
2.2.1 Calculation of Rice Growing Period  
Calculation of rice growing period utilized steps as follow: 
a. Calculate surplus value 
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 Ro  =  50%  surplus         .......................................................... (15) 
Information : 
Ro  = runoff early month from the positive value of Δst (mm/month) 
 
b. Calculate runoff  next month 
 Ron = 50% (Sn + Ron-1)        ......................................................... (16) 
Information : 
Ron  = next month runoff (mm/month) 
Sn = surplus  
Ron-1  = previous month runoff (mm/month) 
The result is as follows: 
Table 5. Runoff Results 2005-2014 
  Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec 
Runoff 
(mm/month) 240.38 233.6 225.3 205.9 137.8 86.3 43.16 21.6 10.8 48.5 122.68 225.63 
Source: The results of research and calculation, 2016. 
By looking at table 5, it can be seen that the value is above water holding capacity, started 
in November, but Yoshida (1981: p.108) states that rice plants need a value of RO (runoff) 
180-300 mm/month so early rice planting begins December to April.  
3 CONCLUSION 
Shifting the changing seasons due to climate change such as droughts become longer have 
an impact on various aspects. Especially in terms of agriculture, because the elements of 
the climate are closely related to rice growth and yields. It can be seen from the average 
level of rice production from 2010-2014. Sub-district that includes high-level drought had 
an average productivity amounting to 5.314 ton/ha, sub-districts with dryness was worth 
5.701 ton/ha and sub-districts with low drought worth of 5.902 tons/ha. Rice growing 
period can be done in the month of December to April. 
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